Summary. The normal periodicity of the dioestrous cycle of the un¬ mated rat was not permanently altered by hysterectomy, but when the operation was performed during or shortly after oestrus, the dioestrous interval was prolonged to a variable extent. The average duration of this period was longer than that of pseudopregnancy, but the vaginal smear and ovarian changes were very similar in both conditions. Subsequent dioestrous cycles were of normal length (4 to 5 days). The effect of hysterectomy on the current cycle probably resulted from cervical stimulation during the operation. Hysterectomy after sterile mating caused a similar prolongation of the current cycle and all subse¬ quent cycles of pseudopregnancy in the hysterectomized rat. No ovarian degeneration was observed in rats killed up to 4 months after hysterec¬ tomy. Interspecific differences in the ovarian response to hysterectomy are briefly discussed.
INTRODUCTION
As far as we have been able to ascertain, the reaction of the ovary to hysterec¬ tomy has been studied in fourteen mammalian species, and it is quite clear that it differs greatly from one to another. A profound effect has been observed in the unmated adult guinea-pig (Loeb, 1923 (Loeb, , 1927 Rowlands, 1961) , cow and sheep (Wiltbank & Casida, 1956) , and in the unmated or pregnant pig (Du Mesnil du Buisson & Dauzier, 1959;  Spies, Zimmerman, Self & Casida, 1960) , where the luteal phase may be so prolonged as to exceed the gestation period of the species. In contrast, the operation has no effect on the ovaries of the ferret (Deanesly & Parkes, 1933) , the macaque (Burford & Diddle, 1936) or the opossum (Hartman, 1925) . Changes in the ovarian cycle, similar in nature to those observed in the guinea-pig but much less pronounced, have been described in the pseudopregnant rat (Bradbury, 1937; Hechter, Fraenkel, Lev & Soskin, 1940; Bradbury, Brown & Gray, 1950) and rabbit (Asdell & Hammond, 1933; Loeb & Smith, 1936; Gillard, 1937; Mishell & Motyloff, 1941; Heckel, 1942;  Chu, Lee & You, 1946) . This operation during pregnancy in the rat (Bradbury, 1937; Bradbury et al., 1950) , rabbit (Micale, 1940;  Greep, 1941; Chu et al, 1946) and hamster (Klein, 1938) curtails rather than prolongs the life of the corpus luteum, especially when performed in the second half of gestation. 333 Apart from the changes that occur soon after operation, it has been shown that hysterectomy leads eventually to ovarian degeneration involving increased follicular atresia in the rat (see Spumy, 1959) and some other species, e.g. mouse (Hall, 1934) , rabbit (Sessums & Murphy, 1933; Mishell & Motyloff, 1941; Tenney, Parker & Robbins, 1958) , dog (Cheval, 1934 (Cheval, , 1935 and cat (Baidin, 1939) . These long-term effects have been revealed during investiga¬ tions conducted with particular reference to the occurrence of ovarian cysts in women after hysterectomy (see Reynolds, 1949) Durrant (1926) and confirmed by Bradbury (1937) and by Bradbury et al. (1950) . Mavromati (1932) and Fels (1954) found that hysterectomy was fol¬ lowed by a prolonged oestrus associated with ovarian cysts, and it may be that the irregular cycles recorded by Winter (1932) and the suppression of the cycle reported by Takakusu (1924) were due to ovarian abnormalities caused by the act of removing the uterus rather than its subsequent absence.
As is well known, the ovarian cycle of the rat includes an active luteal phase after mating with a sterile male. The resulting pseudopregnancy is slightly prolonged in hysterectomized animals (Bradbury, 1937; Hechter et al., 1940; Bradbury et al., 1950 During metoestrus Twenty-seven unmated rats were hysterectomized on the day after oestrus. The onset of the next oestrus was delayed in eighteen of them, whereas the normal dioestrous cycle was unaffected in the remaining nine. Six of those in which the cycle was prolonged were observed through several subsequent cycles which were of normal duration. The remainder (twelve rats) were killed during or immediately after the prolonged cycle induced by hysterectomy. Throughout this cycle, the vaginal smear was of the mucified type similar to that of pseudopregnancy in intact rats. When killed, eight of these rats were still in this condition (see Table 1 ). The ovaries were histologically similar to those of intact pseudopregnant rats. Variation in the size of the corpora lutea within each animal was of the order normally observed in the rat, but there was considerable variation in the average luteal volume between individuals (see Table 1 ). They were similar in size to those produced after mating with a sterile male at a considerable time after hysterectomy or sham operation (see Table 3 , Pseudopregnancy VI).
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In the eight animals in which the prolonged cycle was completed, its average duration was 18-0 ±1-9 days, significantly longer {P < 0-01) than the average duration of pseudopregnancy (13-0 -t 0-45 days) recorded for fifteen rats of the same stock (see Table 2 ). The dioestrous cycles following the prolonged cycle were of normal duration in all six rats examined. During early dioestrus A further six rats were hysterectomized on the 2nd day after oestrus. The operation had no effect on the recurrence of oestrus in five of them, but in the sixth animal there was a delay of 21 days before the normal dioestrous cycle was resumed.
These results show that the proportion of rats in which the cycle is prolonged decreases as the interval between oestrus and hysterectomy is increased. The response is probably related to the decreasing sensitivity of the uterine cervix to mechanical stimulation (Long & Evans, 1922; Greep & Hisaw, 1938) .
HYSTERECTOMY AFTER STERILE MATING
Fifteen rats were examined daily through at least three dioestrous cycles before mating with a vasectomized male. After the resulting pseudopregnancy (I) and several further dioestrous cycles, a second pseudopregnancy (II) was induced in the same way, and eight of the rats were hysterectomized and seven shamoperated on the 5th day. Daily examination of the animals was continued through three further pseudopregnancies (III, IV and V) separated by three or four dioestrous cycles. Except for one rat which died after pseudopregnancy (V), they were killed during or soon after a further pseudopregnancy (VI) for histological examination of the ovaries. J. S. Perry and I. W. Rowlands Table 2 shows that the pseudopregnancy (II) in which the operations were performed was significantly longer than the pseudopregnancy (I) induced before surgical interference {P <0-001 in the hysterectomized animals; <0-05 in the sham-operated controls). The mean duration of Pseudopreg¬ nancy II was not significantly longer in the hysterectomized than in the control-operated animals; however, the prolongation occurred in all the hysterectomized rats but in only three of the seven controls. Pseudopregnancies III, IV and V were significantly longer {P <0-001) in the hysterectomized Mean and S.E. 13-3 ± 0-42 16-9 ± 1-47
13-1 db 0-40 14-3 ± 0-78 14-0 ± 0-38 14-6 ± 0-61
Roman numerals refer to successive pseudopregnancies.
than in sham-operated animals. In the former group, these pseudopregnancies were similar in duration to Pseudopregnancy II, whereas in the controls they were similar to Pseudopregnancy I. An intrinsic effect of hysterectomy was therefore seen only in Pseudopreg¬ nancies III, IV and V. This effect must be distinguished from a non-specific effect due to surgical interference ; the latter was seen in the control animals in Pseudopregnancy II and in some unmated rats.
The mean volume of the corpora lutea of Pseudopregnancy VI in the 337 hysterectomized and sham-operated rats, together with that of intact rats in pseudopregnancy and pregnancy, is shown in Table 3 . In the three groups of pseudopregnant animals, the corpora lutea reached maximum size by the 5th day after mating and were maintained until ovulation recurred. The corpora lutea of the hysterectomized animals were maintained for a longer time, but did not grow larger than those of the sham-operated animals. In contrast, the corpora lutea of pregnancy suddenly increased in size between the 10th and 13th day, and became about three times as large as those of pseudopregnancy. The ovaries of the hysterectomized rats further resembled those of normal pseudopregnant animals in that the regression of corpora lutea of the preceding dioestrous cycle was not accelerated as it was in pregnancy. The length of the dioestrous cycles between Pseudopregnancies II to VI was unaffected in both the hysterectomized and sham-operated rats. This supports the conclusion that hysterectomy as such has no effect on the cycle in the unmated rat.
DISCUSSION
The results show that the periodicity of the dioestrous cycle in the rat is un¬ affected by hysterectomy and that the regression of the corpora lutea, which are inactive in this condition, is not delayed. Pseudopregnancy, on the other hand, is about 4 days longer in the hysterectomized rat. Although this period of pro¬ longation is very short compared with that recorded for the unmated guineapig, it is permanent in the sense that each successive pseudopregnancy is similarly prolonged. It is associated simply with a delay in the onset, rather than a decrease in the rate, of regression of the corpora lutea. This limited J. S. Perry and I. W. Rowlands response, as compared with that of the guinea-pig where the corpora lutea grow after hysterectomy to the size of those of pregnancy, may be due to the corpora lutea of the rat being less sensitive to stimulation. The difference between the two species may on the other hand be due to a difference in the nature of the stimulus that hysterectomy evokes.
The way in which the uterus regulates the persistence of the corpora lutea remains obscure. In the rat, the effect of hysterectomy on the corpus luteum is so brief, yet so consistently recurrent in each succeeding pseudopregnancy, that it would seem more readily explained on the hypothesis that hysterectomy has an 'oestrogen-sparing' effect (Heckel, 1942; see also Hechter et al., 1940) than by the assumption that the uterus functions as an endocrine organ (see Tenney et al., 1958; Reynolds, 1949) . The role of oestrogen in the maintenance and regression of the corpora lutea will be clarified when more information is available about oestrogen and progesterone production by the follicles in the stages leading up to ovulation.
The great diversity in the response that has been observed in different species suggests that substantially different mechanisms are involved. Thus, experi¬ ments showing that endometrial extracts may reverse the effect of hysterectomy on the corpora lutea (e.g. Tenney et al., 1958; Hechter et al., 1940; Sessums & Murphy, 1953) show that the effect is blood-borne in the rat and rabbit. Du Mesnil du Buisson (1961), on the other hand, has shown that in the sow con¬ servation of a sufficient length of uterine horn, one near the ovary leads to the regression of the corpora lutea in that ovary while those in the other ovary are maintained. This, together with the observations of Spies et al. (1960) , that the effect of hysterectomy is not reversed by uterine transplants, suggests that nervous mechanisms are also involved in this species.
No evidence of the occurrence of ovarian degeneration was observed in these rats when they were examined 3 to 4 months after hysterectomy. They had mated with sterile males shortly before they were killed, and all had become pseudopregnant; this in itself is proof of normal ovarian function. Their condition was not comparable, therefore, with that of the hysterectomized rats used by Spurny and others (see Introduction) in which excessive follicular atresia and other abnormalities interfered with the periodicity of the oestrous cycle. The differences that have been noted in this respect are difficult to explain, but they may be related to strain differences in the time at which breeding activity normally ceases.
